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PAMELA M. CLARKE AND PAMELA E. E. TODD '957 Details of feeding and management of our stock colony of black hooded rats are given by Folley, Ikin, Kon & Watson (1938) . Female rats were weaned when 21 days old on to our diet 213 (Henry, 5 and arachis oil 5 yo. T h e examination of vaginal smears was then begun.
I n the ovariectomized rat the vaginal smear normally contains only leucocytes and probably a few epithelial cells. As the rat becomes deficient in vitamin A, cornified cells appear in increasing proportion until in most animals only cornified cells are present, although in some a few leucocytes persist. These different stages in the cellular contents of the vagina have been illustrated by Long & Evans (1922) . Thus, as suggested by Pugsley et al. (1944) , a smear showing only cornified cells or cornified cells mixed with a few leucocytes may be taken to indicate depletion. It is important that either of these two types 'of smear should be regarded as indicative of the depleted state, for if rats giving a smear consisting of cornified cells mixed with a few leucocytes are still further deprived of vitamin A they may become ill and the smears change to the leucocyte stage.
Vaginal smears were made by withdrawing some of the vaginal contents on a blunted dental spatula (blade I& x 3 in. at base, tapering to a blunted & in. bent upwards at an angle of 72O), and the adhering material was mixed with a drop of saline on a microscope slide for examination under low power. I n this way about twenty smears could be made on one slide. Only one smear was made from each rat at any one time. With experience, it was possible to use the macroscopic appearance of the withdrawn material to indicate how soon the next smear should be taken. Smears were taken once a week until the material withdrawn on the spatula changed from a rather thin stringy clear mucus to a milky jelly-like substance. They were then taken every 2nd day until cornified cells began to appear, after which smears were made daily so that the 1st day of the depleted state, as defined above, was not missed.
As soon as the smear in any one rat indicated depletion the rat was put on to the maintenance diet 213. If the smear then reverted to the leucocyte type, the rat was put back on the synthetic diet until the 'depletion' smear appeared again, whereupon the maintenance diet was again supplied. This procedure was followed with individual animals until there were enough rats showing the 'depletion' smear on the maintenance diet to begin the assay. The reason for this procedure was that the animals succumbed to vitamin A deficiency if they were kept for long on the synthetic diet, whereas they could be kept in good health on the maintenance diet even with a persistent cornified smear. I n fact, after the first assay most of the rats continuously gave cornified smears on diet 213. Thompson et al. (1949) . The vitamin A from M. norvegica and T. raschii was known to contain large proportions of cis isomers other than neovitamin A (Plack, Fisher, Henry & Kon, 1956) .
Administration of preparations Rats ready for the test as described above were weighed and transferred to the synthetic diet deficient in vitamin A and were then dosed by mouth morning and evening for 2 successive days with four equal doses of two drops.
Response
As described by Pugsley et al. (1944) , administration of a substance active in vitamin A results in a change of the vaginal smear from the cornified-cell type to one in which leucocytes and epithelial cells predominate. This state is maintained for a period varying with the dose, with eventual reversion to the cornified-cell smear. T h e response was measured by the number of days that elapsed between the 1st day of dosing and the reappearance of a characteristic ' depletion' smear.
Even the lowest dose tested (33.3 i.u.) was found to give a response of at least 6 days. A smear was taken on the 3rd day after the first dose, and if it still showed a preponderance of cornified cells another smear was taken on the next day. If this smear too showed no change, the test material was assumed to be inactive. Any change in the character of the smear after that time must be regarded with suspicion, since our observations confirm those of Pugsley et al. (1944) that it may then reflect illness or infection rather than a vitamin A effect. Generally, however, in the first smear leucocytes or epithelial cells or both together exceeded the number of cornified cells, and subsequent smears were taken on alternate days until the proportion of cornified cells began to increase, whereupon smears were taken daily.
When each rat became depleted it was weighed and returned to the maintenance diet. Any rat that lost more than 10 g during the test period was deemed unsuitable, and the result obtained with it was disregarded.
When enough rats had been returned to the maintenance diet, another test could be begun. The time taken to complete an assay depends on the doses chosen: with suitable doses an assay can be completed in 5 weeks. This period includes 3-5 days to deplete any rat that has reverted to a leucocyte smear on the maintenance diet and allows for a 4-week experimental period.
Design of the experiments
The first experiment reported here was carried out to check that the relationship between dose and response for the standard vitamin A was substantially as reported by Pugsley et al. (1944) : the experiment involved four logarithmically spaced doses of this preparation. Later experiments were assays of test materials, and were arranged in 6-point designs, with three doses of the standard and three of the test preparation. A description of an additional experiment to test for after-effects of treatments is given in a later section. I n each of these experiments the numbers of rats assigned to the different treatments were equal.
Two batches of rats were used in this series of experiments. The first batch consisted initially of twenty-nine depleted rats, and when this batch was used again for the second experiment, a 6-point assay, it allowed only four rats in each treatment group. Another, and larger, batch of depleted rats was therefore prepared and the first batch was used again only for the experiment on possible carry-over effects, since this experiment involved no more than two treatment groups.
The rats in any one experiment were not all ready for dosing at the same time: in the first experiment the initial doses were spread over about a month, but in all of the remaining five experiments most of the rats were dosed on the same day and the remainder a week later. In the first experiment, which was not statistically planned, the first available rats were allocated mainly to the higher doses; also, the animals were allocated to treatment groups in such a way that the mean initial body-weights of the different groups were approximately equal. I n all the later experiments all available rats were equally distributed among the treatments. The second to the fifth experiments inclusive were arranged in randomized blocks on the basis of initial body-weight. This system of distribution did not appear to increase precision and was abandoned in the next assay, in which the rats were simply distributed at random to the treatment groups. In the next, and final, experiment the surviving rats were kept in the same groups as in the previous experiment, and these groups were allocated at random to the As already stated, the results for those rats that lost more than 10 g in weight from the time of dosing to the time of re-depletion were discarded, and for the four experiments designed in randomized blocks the resulting unequal numbers of rats in the different treatment groups caused some complication in the analysis. Least-squares methods were used in analysing these experiments, but since neither these analyses nor covariance analysis of the results of other experiments gave any evidence of a significant correlation between initial body-weight and the number of days to re-depletion, the arrangement in blocks was ignored in subsequent work. The difference in date of dosing also appeared to have no consistent effect on the response.
Dose-response relationship
Pugsley et al. (1944) observed mean responses from 9-1 to 30.5 days for doses of from 50 to 524 i.u., respectively, and found a linear relationship between log days and log dose over the whole of this range. I n the first experiment reported here, which was carried out to test agreement with this finding and to assist in choosing doses in future assays, four doses from 50 to 400 i.u. were used. The mean responses were higher than those observed for corresponding doses by Pugsley et al., and the rats that received the highest dose were taking at least 40 days for re-depletion; for practical reasons observations were discontinued beyond this stage. As may be seen from Table I , however, the results for the three lower doses (so, IOO and zoo i.u.) agreed well with the assumption of a linear relation between log days and log dose, and the design and preliminary analyses of subsequent assays were therefore based on this premise.
Agreement with this assay model was not, however, maintained throughout the series of experiments. As shown in Table 2 , the mean curvature in the two final assays was significant at the 5 % level, a fact that did not appear to be easily explicable by a I957 shift with time to a different range of responses. The results suggested that the number of days to re-depletion, rather than the logarithm of this quantity, might give a more useful response metameter, and the experiments were therefore re-examined on this basis. It was then found that in none of the experiments was the deviation from a linear regression on log dose significant (P < 0.05). Apart from giving better agreement with a straight-line assay model, the use of the untransformed number of days as the response metameter has other advantages. Bliss & Gyiirgy ( 1 9 5 1 ) have noted from the results of Pugsley et al. (1944) that taking logarithms had the effect of introducing a wider scatter about the regression line for the lower doses than for the higher doses. Our results confirm this observation. As Bliss ( 1 9 5 1 ) points out, the correct method of analysis in such circumstances is by fitting a weighted regression line, a much more complicated procedure than the usual one. Both with our results and with those of Pugsley et al. (I944) , if the analysis is based simply on days to re-depletion, this difficulty does not arise, since the amount of variation about the regression line is constant over the whole dose range.
Relative potency estimates and precision of the assay
The potency estimates obtained from the four larger assays are presented in Table 3 to show the precision attained and the comparison with estimates of potency given by other methods.
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Satisfactory precision was attained in all but one assay (Exp. s), and the wider fiducial limits in this experiment were largely due to a wide difference between the expected activity of the test material and the observed value. The mean of results obtained in another laboratory for the potency of neovitamin A by the rat-growth method was higher than our estimate by the vaginal-smear method, the difference being significant at the j yo level. Values obtained by that laboratory in two series of assays by the liver-storage method were, however, in good agreement with our estimate of potency. On the other hand, when the T. raschii preparation was assayed by a co-worker in our laboratory by the rat-growth method, the potency estimate appeared to be lower than that given by the vaginal-smear method, but this difference was not significant ( P > 0.05).
The index of precision, A, which is independent of the numbers of rats and the choice of doses, was calculated for each assay, and these values are also presented in Table 2 . The estimates of error variance in the four experiments were combined to give an estimate with 178 degrees of freedom, and a weighted mean of the four coefficients of regression on log dose was calculated. From these, the overall index of precision of the assay was found to be 0.1 53. The highest estimate of X in a single assay was 0.193, which is quite acceptable for general purposes.
On the assumption thath is equal to 0.153, estimates have been made of the fiducial limits of the relative potency estimate for different experimental arrangements. I n an assay of one test preparation against a standard in a 6-point assay, a total of thirty-six rats, six per treatment, would give j yo fiducial limits of 78 yo and 128 % and fortyeight rats, eight per treatment, would give limits of 81 and 124%, provided the assumed potency of the test preparation were close to the true value. Effect of previous treatment differences A convenient feature of this assay method is that, once a depleted batch is established, the rats may be used repeatedly. It is then advisable to assess the effect, if any, of differences in previous treatments, and for this purpose an experiment was carried out in which two groups of rats were first dosed with different levels of vitamin A, and in a second period with equal amounts of vitamin A. The results are given in Table 4 and show that differences in treatment in the preceding experimental period had no significant effect (P > 0.80). This finding was supported by covariance analyses of the results of the other experiments in the series. Effect of number of previous treatments Results for a series of assays, with the same batch of rats used repeatedly, have shown that, for the same dose of vitamin A, the time to re-depletion decreased with successive assays. This change may be seen from Table 5 , which gives the estimated responses (obtained by linear interpolation) to 60 i.u. vitamin A in four successive assays. It should not be difficult to check experimentally whether this result was due to increased age, or to previous experimentation or to season, but at present we have no further information on this question. From Table 2 it may be seen that the decrease with time in mean response was not accompanied by a decrease in slope, but rather the reverse.
Other factors affecting the response
The results of the whole series of experiments have been examined in detail to discover any factors that might influence the results, so that more suitable designs might lead to increased precision. We have confirmed the finding of Pugsley et al. (1944) that there was no significant correlation of response with body-weight, nor did we find any significant correlation between litter-mates (P > 0.05).
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There was, however, a significant correlation between the results for the same rats in successive experiments, after treatment differences had been eliminated. For the first three assays with the second batch of rats, the deviations from the treatment group means showed a correlation coefficient of 0.44 ( P < 0.02) between the first and second experiments and a corresponding value of 0.41 (P< 0.05) between the second and third experiments. It appeared, therefore, that adjustment by the results of the preceding assay might reduce the estimated error variance by about 15 yo. As a further check on this finding, the fourth assay in the series was designed so that the rats were kept in the same groups as in the third experiment, but groups were allocated to treatments at random. This arrangement made allowance for treatment differences more efficient-a useful feature, since the number of rats was by then smaller. Again there was a significant correlation between results in successive experiments ( P < 0-02).
DISCUSSION
The main advantages of the vaginal-smear method for the biological assay of vitamin A are specificity, ease of operation, economy of experimental material and high precision relative to other methods described in the literature. The 'depleted' smear was found to be clearly recognizable and different in character from that observed on the preceding day, so that the difficulty in the apparently more widely used rat-growth method of deciding when the rats have reached the appropriate stage of depletion was avoided.
Under our conditions of experiment, a better fit to a straight-line regression on log dose is obtained by plotting the response as the number of days from dosing to redepletion rather than as the logarithm of the number of days, suggested by Pugsley et al. (1944) . An important requirement for a good assay method is a mathematical model that adequately fits the observations; it is therefore convenient that, under our experimental conditions at least, the simpler response agrees with a simple and standard model. Not only is it easier to calculate in terms of days, without the labour of taking logarithms, but instability of variance introduced by the use of the logarithmic response is avoided, and the calculations are consequently simpler.
Although none of the experiments reported here involved more than three dose levels within a practicable response range, it is considered that the combined evidence is sufficiently in favour of the arithmetic rather than the logarithmic response. A further experiment to examine the dose-response relation in more detail would, of course, be advantageous, but experimental commitments and resources have so far precluded it. I n general, a dose range of 50-120 i.u. was used for assay purposes, and in this connexion it may be noted that the results of Pugsley et al. (1944) show no significant curvature, when the response is measured in days, for doses of from 50 to 128 i.u.
A departure from ideal test conditions in these experiments was that not all the animals in any one experiment were put on test at the same time. The fact that detailed examination of the results disclosed no greater variation for animals dosed at different times than for animals dosed at the same time, nor any clear change in mean response with time within an experiment, does not mean that such an experimental arrangement is recommended. Pugsley et al. found greater variation between occasions than within occasions of dosing, and our results on this point are not sufficient to disprove this I957 finding. It is, in any event, obviously safer to begin dosing all the animals in an assay on the same day.
It is perhaps rather remarkable that an assay in which the unit of observation, a day, is so coarse relative to the range of observations, should give such good precision. T h e overall estimate of the index of precision (A) obtained for four assays in our laboratory was 0.153, which is satisfactorily low, and in one of these assays A was estimated to be only 0-097. Bliss & Gyorgy (1951) This assay method thus compares favourably for precision with other established methods. Bliss & Gyorgy (1951) quote an average index of precision of 0.186 for the 4-week curative growth method with rats, with litter-mate control. I n our laboratory, a series of nine assays by the curative growth method, but without eliminating variation between litters, has been carried out over a period of 7 years. T h e values of the index of precision in these assays have ranged from 0.152 to 0.499, and in only three of the assays was the value ofh below 0.2 (Henry, 1956 ). The prophylactic growth method and the method based on the cure of xerophthalmia are known to be less precise than the curative growth method. T h e average value of A for the liver-storage method was calculated by Bliss & Gyorgy (195 I) to be 0.090, but the advantage of this low index of precision is offset by the large amounts of vitamin A required. Moreover, the liverstorage method is, strictly speaking, not a measure of the biological activity of a vitamin A preparation in metabolic processes.
T h e scope for improving the precision of the assay by suitable design is limited, because there are usually some rats that lose more than 10 g in weight during the experimental period. The results for such rats are discarded, so that the analysis for any arrangement in blocks becomes complicated. This would be less of a difficulty if covariance techniques were used instead of block designs.
So far the only observation likely to prove useful in increasing the precision of the assay in this way has been the correlation between results in successive experiments, when treatment differences have been eliminated. One way of making use of this finding would be to carry out a uniformity trial as soon as the depleted batch of animals is ready and by covariance methods to adjust subsequent results on the basis of these preliminary observations." Bliss & Gyorgy (195 I) have suggested that, if successive results are correlated, the assay might be arranged over two experimental periods, effectively using each rat as a block. Our results do in fact show such a correlation, but it is difficult to see how the assay could, as these authors suggest, be completed more quickly by this procedure.
I n all the assays reported here the test preparations were in such a form that they could be diluted and administered in the same way as the standard vitamin A acetate. We are satisfied, however, that bulkier materials and materials not soluble in arachis oil can equally well be assayed by this method. We have, for example, carried out tests on whole herring roe offered to rats on small dishes, and on dried materials suspended Vol. I 1 Vitamin A assay by vaginal smear 183 in water and administered by stomach tube, and have obtained satisfactory results. We have also successfully used the change in the vaginal smear as an indicator for vitamin A activity in various whole tissues and fractions of herring gonads.
The use of such test materials raises the question of the effect of oestrogens on the vaginal smear, since the presence of oestrogens in sufficient quantity in the test material might perhaps be expected to reduce the response to vitamin A. Of the natural oestrogens, however, only oestriol appears to be as effective when administered by mouth as when injected subcutaneously, whereas oestradiol and oestrone given by mouth have only 1/70 to I/ZOO times the activity of that given subcutaneously, estimated by the vaginal-smear method on rats (Pederson-Bjergaard, 1939; Fieser & Fieser, 1949) . Until more work has been doneon this subject, nevertheless, the vaginalsmear method for assaying vitamin A should perhaps be used with caution for materials that may be rich in oestriol. In this connexion, the results obtained for the test materials derived from herring gonads, referred to above, were confirmed in this laboratory by a modification of the chick liver-storage method (Harrison, 1956 ).
As Pugsley et al. (1944) have pointed out, the response of rats to vitamin A may also be affected by vitamin E. For assays of vitamin A in foodstuffs containing appreciable quantities of vitamin E, it would therefore be necessary, as they suggest, to add to all doses a constant amount of a-tocopherol, sufficient to eliminate any differences due to this factor. In our experiments, however, this problem did not arise, but in accordance with the usual practice in this laboratory, each dose contained about 0-2 mg atocopherol.
SUMMARY
I. The vaginal-smear method of Pugsley, Wills & Crandall(1944) for the measurement of vitamin A with spayed depleted rats was tested in our laboratory and applied to the assessment of vitamin A potency of several substances.
2. Under our experimental conditions a better fit to a straight-line regression on log dose was obtained by plotting the response as the number of days from dosing to re-depletion rather than as the logarithm of the number of days.
3.
The method proved specific and reliable and gave in four assays an index of precision (A) of 0.153.
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